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Description

[Technical Field]

[0001] The present invention relates to a novel nucleosidase. More particularly, the invention relates to a nucleosidase
useful for reducing purine bodies in foods or beverages. The present application claims priority based on Japanese
Patent Application No. 2016-160899 filed on August 18, 2016, the entire contents of which are incorporated herein by
reference.

[Background Art]

[0002] Prevalence of hyperuricemia and gout based thereon has been on the rise due to westernization of dietary
habits and increase in alcohol intake. As a cause of these diseases, purine bodies in foods or beverages have been
regarded as a problem. For example, liver, milt or fish eggs, and part of fish and shellfish contain a large amount of
purine bodies. Alcoholic beverages, especially brewed alcohols (beer, wine, etc.) also contain a relatively large amount
of purine bodies. Alcoholic beverages are often consumed daily, and thus are considered important as risk factors for
hyperuricemia and gout. For example, beer-based beverages such as beer and low-malt beer generally contain about
3 to 8 mg of purine bodies derived from raw materials (for example, malt) per 100 mL, and beer/beer-based beverages
having a reduced purine body content (low-purine beer/beer-based beverages) are desired.
[0003] Attempts to reduce purine bodies in beer have been made so far. For example, in the method described in PTL
1, in the production process, an enzyme (purine nucleoside phosphorylase or nucleosidase) is caused to act on wort,
thereby decomposing purine nucleoside in the wort into ribose and free purine bases. The free purine bases are assim-
ilated by yeast during fermentation. As a result, the amount of purine bodies (free purine bases, nucleotides, and
nucleosides) in beer products is reduced. PTL 2 also reports a nucleosidase useful for reducing purine bodies in beer.
In addition, a method for removing purine bodies by using an adsorbent has also been proposed (PTL 3).

[Citation List]

[Patent Literature]

[0004]

[PTL 1] JP 3824326 B
[PTL 2] JP 3824353 B
[PTL 3] JP 2004-113189 A

[Summary of Invention]

[Technical Problem]

[0005] Although various techniques for removing purine bodies in beer have been reported as described above, there
is no example in which such a technique has been put into practice, and the need for techniques for producing low-
purine beer is still high. With regard to beer-based beverages including low-malt beer, it is possible to reduce the purine
body content by reducing the malt usage rate or by using raw materials other than malt. However, since the raw materials
to be used are restricted, this cannot be said to be a fundamental solution. Accordingly, it is an object of the present
invention to provide a novel enzyme useful for reducing purine bodies, especially, in beer or beer-based beverages. It
is also an object to provide various uses of the enzyme.

[Solution to Problem]

[0006] Under the above-mentioned problems, the present inventors have screened a wide variety of microorganisms
to find an enzyme useful for producing low-purine beer. As a result of studying more than 10,000 kinds of microorganisms,
4 strains of microorganisms have been identified as promising candidates. Assuming that the nucleosidases produced
by these microorganisms are used in the beer preparation (mashing) process, the present inventors have evaluated the
nucleosidases in terms of the action and effect under general conditions for the preparation process. As a result, it has
been revealed that the nucleosidases produced by the three strains are possibly inhibited by the decomposition products
(adenine, guanine, hypoxanthine, and xanthine) and cannot exert the desired effect. On the other hand, the nucleosidase
produced by the remaining one strain (Penicillium multicolor IFO 7569 strain) has not been inhibited by the products
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and showed high decomposition activity. Therefore, the inventors have decided to attempt to acquire nucleosidases
from the bacterial strain. As a result, the inventors have succeeded in purifying two kinds of highly-practicable nucleosi-
dases showing activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine, and
xanthine without undergoing product inhibition. By further studies, the inventors have succeeded in identifying the amino
acid sequences of the two kinds of nucleosidases and the genes encoding them, and also succeeded in identifying the
properties of each of the nucleosidases. It has become clear that these enzymes are suitable for use in the beer
preparation process, especially in terms of the optimum temperature and thermal stability. It has also been revealed
that these enzymes show stable activity over a wide pH range and a wide temperature range and are applicable to those
other than beer/beer-based beverages (for example, fermented foods such as yogurt and pickles).
[0007] As described above, after intensive studies, the inventors have succeeded in acquiring a novel nucleosidase
extremely useful for reducing purine bodies in beverages and foods. Based on this result, the following inventions are
provided.

[1] A nucleosidase comprising an amino acid sequence of SEQ ID NO: 1 or an amino acid sequence having 85%
or more identity with the amino acid sequence, or an amino acid sequence of SEQ ID NO: 2 or an amino acid
sequence having 88% or more identity with the amino acid sequence.
[2] The nucleosidase according to [1], wherein the amino acid sequence is an amino acid sequence having 90% or
more identity with the amino acid sequence of SEQ ID NO: 1 or the amino acid sequence of SEQ ID NO: 2.
[3] A nucleosidase having the following enzymological properties:

(1) action: catalyzing a reaction of hydrolyzing purine nucleosides into D-ribose and purine bases and showing
activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine, and xanthine;
(2) molecular weight: about 49 kDa (by SDS-PAGE) when the nucleosidase does not contain N-linked oligosac-
charides;
(3) optimum temperature: 55°C to 60°C; and
(4) thermal stability: stable at 55°C or lower (pH 6.0, for 30 minutes).

[4] The nucleosidase according to [3], further having the following enzymological properties:

(5) optimum pH: 3.5; and
(6) pH stability: stable in the range of pH 3.5 to 7.5 (30°C, for 30 minutes).

[5] A nucleosidase having the following enzymological properties:

(1) action: catalyzing a reaction of hydrolyzing purine nucleosides into D-ribose and purine bases and showing
activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine, and xanthine;
(2) molecular weight: about 40 kDa (by SDS-PAGE) when the nucleosidase does not contain N-linked oligosac-
charides;
(3) optimum temperature: 50°C to 55°C; and
(4) thermal stability: stable at 65°C or lower (pH 4.5, for 60 minutes).

[6] The nucleosidase according to [5], further having the following enzymological properties:

(5) optimum pH: 4.5; and
(6) pH stability: stable in the range of pH 3.5 to 7.5 (30°C, for 30 minutes).

[7] The nucleosidase according to any one of [1] to [6], which is derived from Penicillium multicolor.
[8] The nucleosidase according to [7], wherein the Penicillium multicolor is an IFO 7569 strain or a mutant strain
thereof.
[9] A nucleosidase preparation comprising the nucleosidase according to any one of [1] to [8] or a culture solution
of a producer microorganism for the nucleosidase according to any one of [1] to [8] or a purified product thereof.
[10] A nucleosidase gene comprising any DNA selected from the group consisting of the following (a) to (c):

(a) a DNA encoding an amino acid sequence of SEQ ID NO: 1 or 2;
(b) a DNA consisting of a base sequence of any of SEQ ID NOs: 3 to 6; and
(c) a DNA having a base sequence equivalent to the base sequence of any of SEQ ID NOs: 3 to 6 and encoding
a protein having nucleosidase activity.
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[11] A recombinant DNA comprising the nucleosidase gene according to [10].
[12] A microorganism possessing the recombinant DNA according to [11].
[13] A method for producing a nucleosidase, comprising the following steps (1) and (2):

(1) culturing a producer microorganism for the nucleosidase according to any one of [1] to [8]; and
(2) collecting the nucleosidase from the culture solution and/or the cell bodies after culture.

[14] The production method according to [13], wherein the microorganism is a Penicillium multicolor IFO 7569 strain
or a mutant strain thereof.
[15] A method for producing a nucleosidase, comprising the following steps (i) and (ii):

(i) culturing the microorganism according to [12] under conditions where a protein encoded by the gene is
produced; and
(ii) collecting the produced protein.

[16] A method for producing a nucleosidase preparation, comprising the following steps (I) and (II):

(I) culturing a producer microorganism for the nucleosidase according to any one of [1] to [8]; and
(II) removing the cell bodies after culture.

[17] The production method according to [16], further comprising the following step of
(III) purifying the culture solution after removing the cell bodies.
[18] The production method according to [16] or [17], wherein the microorganism is a Penicillium multicolor IFO
7569 strain or a mutant strain thereof.

[Brief Description of Drawings]

[0008]

[Fig. 1] Reaction process of a mashing (preparation) test.
[Fig. 2] Comparison in amounts of purine bodies in wort. The amounts of the respective purine bodies in the wort
after mashing were analyzed by high performance liquid chromatography.
[Fig. 3] Operative temperature range of a nucleosidase derived from a Penicillium multicolor IFO 7569 strain. An
enzymatic reaction was carried out under each temperature condition in the presence of seven kinds of purine
bodies, and the free purine base ratio was determined.
[Fig. 4] Operative pH range of the nucleosidase derived from the Penicillium multicolor IFO 7569 strain. An enzymatic
reaction was carried out under each pH condition in the presence of seven kinds of purine bodies, and the free
purine base ratio was determined.
[Fig. 5] Purification of the nucleosidase from the Penicillium multicolor IFO 7569 strain. This figure shows the results
of DEAE HP column chromatography.
[Fig. 6] Measurement results of the molecular weight of each purified enzyme (peaks 1 to 3) (SDS-PAGE). The left
shows the results of peaks 1 and 2. The right shows the results of peak 3. A sample after PNGase F treatment
("sugar chain absent" lane) and an untreated sample ("sugar chain present" lane) were electrophoresed and stained
with CBB. The leftmost lane shows molecular weight markers (myosin (200 kDa), β-galactosidase (116.3 kDa),
phosphorylase B (97.4 kDa), BSA (66.3 kDa), glutamate dehydrogenase (55.4 kDa), lactic acid dehydrogenase
(36.5 kDa), carbonate anhydrase (31.0 kDa), trypsin inhibitor (21.5 kDa), lysozyme (14.4 kDa), aprotinin (6.0 kDa),
insulin B chain (3.5 kDa), and insulin A chain (2.5 kDa)).
[Fig. 7] Molecular weight of each purified enzyme (peaks 1 to 3). This figure also shows the results of N-terminal
amino acid analysis.
[Fig. 8] Probe sequences used for gene cloning. Upper: probe sequence for PN1 (SEQ ID NO: 18) and Lower: probe
sequence for PN2 (SEQ ID NO: 19).
[Fig. 9] Results of gene cloning. This figure shows a genomic sequence (upper, SEQ ID NO: 4) encoding the enzyme
(PN1) of peak 3 and a genomic sequence (lower, SEQ ID NO: 6) encoding the enzyme (PN2) of peaks 1 and 2.
[Fig. 10] Results of gene cloning. This figure shows a cDNA sequence (upper, SEQ ID NO: 3) encoding the enzyme
(PN1) of peak 3 and a cDNA sequence (lower, SEQ ID NO: 5) encoding the enzyme (PN2) of peaks 1 and 2.
[Fig. 11] Results of gene cloning. This figure shows the amino acid sequence of the enzyme (PN1) of peak 3 (upper,
SEQ ID NO: 1) and the amino acid sequence of enzyme (PN2) of peaks 1 and 2 (lower, SEQ ID NO: 2).
[Fig. 12] Results of gene cloning. The enzyme (PN1) of peak 3 and enzyme (PN2) of peaks 1 and 2 were compared
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in terms of the number of cDNA bases, number of introns, amino acid length, molecular weight, and estimated pI.
[Fig. 13] Optimum temperature of the purified enzyme (PN1).
[Fig. 14] Thermal stability of the purified enzyme (PN1).
[Fig. 15] Optimum pH of the purified enzyme (PN1).
[Fig. 16] pH stability of the purified enzyme (PN1).
[Fig. 17] Results of electrophoresis of the recombinantly produced enzyme (PN2).
[Fig. 18] Optimum temperature of the purified enzyme (PN2).
[Fig. 19] Thermal stability of the purified enzyme (PN2).
[Fig. 20] Optimum pH of the purified enzyme (PN2).
[Fig. 21] pH stability of the purified enzyme (PN2).
[Fig. 22] Results of a mashing (preparation) test using the recombinantly produced enzyme (PN2).
[Fig. 23] Reaction process of the mashing (preparation) test.
[Fig. 24] Comparison in amounts of purine bodies in wort. The mashing test was carried out at a pH of 4.5 to 5.5.
The amounts of the respective purine bodies in the wort after mashing were analyzed by high performance liquid
chromatography.

1. Terminology

[0009] The term "isolated" as used herein is used exchangeably with "purified." The term "isolated" is used to distinguish
a material in a natural state, i.e., in a state in which it occurs in nature, from the material in a state in which it does not
occur in nature. By a man-made operation of isolating a material of interest, the material will be in an "isolated state,"
which is a state different from its natural state. A material that has been isolated is clearly and determinately different
from the material itself found in nature.
[0010] The purity of an isolated enzyme is not particularly limited. However, if an isolated enzyme is intended to be
used for applications requiring that the enzyme be of high purity, then it is preferable that the isolated enzyme have a
higher purity.

[Description of Embodiments]

2. Nucleosidase and producer bacterium for the nucleosidase

[0011] A first aspect of the present invention provides a nucleosidase and a producer bacterium for the nucleosidase.
The present inventors have succeeded in acquiring two kinds of nucleosidases (hereinafter referred to as "PN1" and
"PN2" corresponding to the indications in the Examples; in addition, these two nucleosidases are collectively referred
to also as "the present enzyme") useful for reducing purine bodies in foods and beverages from Penicillium multicolor,
and identified the gene sequences and amino acid sequences thereof. Based on the results, the present enzyme has
a characteristic feature of including an amino acid sequence of SEQ ID NO: 1 or an amino acid sequence of SEQ ID
NO: 2, or an amino acid sequence equivalent to either one of these amino acid sequences. The amino acid sequence
of SEQ ID NO: 1 corresponds to PN1, and the amino acid sequence of SEQ ID NO: 2 corresponds to PN2.
[0012] The term "equivalent amino acid sequence" in this case means an amino acid sequence which is partially
different from the reference amino acid sequence (i.e. the amino acid sequence of SEQ ID NO:1 or the amino acid
sequence of SEQ ID NO:2), but the difference does not substantially influence the function of the protein (nucleosidase
activity). Thus, an enzyme having a polypeptide chain of the equivalent amino acid sequence shows a nucleosidase
activity. The degree of the activity is not particularly limited as long as the function of a nucleosidase can be exhibited,
but is preferably equivalent to or higher than that of the enzyme having a polypeptide chain of the reference sequence.
[0013] The term "partial difference in the amino acid sequence" typically means mutation (change) in the amino acid
sequence caused by deletion or substitution of one to several (up to, for example, 3, 5, 7, or 10) amino acids composing
the amino acid sequence, or addition, insertion, or combination thereof of one to several (up to, for example, 3, 5, 7, or
10) amino acids. The difference in the amino acid sequence is acceptable as long as the nucleosidase activity is main-
tained (the activity may be varied to a degree). As long as the conditions are satisfied, the position of the difference in
the amino acid sequence is not particularly limited, and the difference may arise in a plurality of positions. As to the
amino acid sequence of SEQ ID NO:1, rhe term "plurality" means, for example, a number corresponding to less than
about 15%, preferably less than about 10%, more preferably less than about 5%, even more preferably less than about
3% of the total amino acids, and most preferably less than about 1%. As to the amino acid sequence of SEQ ID NO:2,
the term "plurality" means, for example, a number corresponding to less than about 12%, preferably less than about
10%, more preferably less than about 5%, even more preferably less than about 3% of the total amino acids, and most
preferably less than about 1%. More specifically, in a case where the amino acid sequence of SEQ ID NO:1 is the
reference amino acid sequence, the equivalent protein has, for example, about 85% or more, preferably about 90% or
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more, more preferably about 95% or more, much more preferably about 98% or more, and most preferably about 99%
or more identity with the reference amino acid sequence, whereas in a case where the amino acid sequence of SEQ ID
NO:2 is the reference amino acid sequence, the equivalent protein has, for example, about 88% or more, preferably
about 90% or more, more preferably about 95% or more, much more preferably about 98% or more, and most preferably
about 99% or more identity with the reference amino acid sequence. The difference of the amino acid sequence may
arise in a plurality of positions.
[0014] Preferably, the equivalence protein is obtained by causing conservative amino acid substitution in an amino
acid residue which is not essential for nucleosidase activity. The term "conservative amino acid substitution" means the
substitution of an amino acid residue with another amino acid residue having a side chain with similar properties. Amino
acid residues are classified into several families according to their side chains, such as basic side chains (for example,
lysine, arginine, and histidine), acidic side chains (for example, aspartic acid and glutamic acid), uncharged polar side
chains (for example, glycine, asparagine, glutamine, serine, threonine, tyrosine, and cysteine), nonpolar side chains (for
example, alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, and tryptophan), β branched side chains
(for example, threonine, valine, and isoleucine), and aromatic side chains (for example, tyrosine, phenylalanine, tryp-
tophan, and histidine). Conservative amino acid substitution is preferably the substitution between amino acid residues
in one family.
[0015] The identity (%) between two amino acid sequences or two nucleic acid sequences (hereinafter, the term "two
sequences" are used for representing either of two sequences) can be determined by the following procedure. Firstly,
two sequences are aligned for optimum comparison of the two sequences (for example, a gap may be introduced into
the first sequence so as to optimize the alignment with respect to the second sequence). When a molecule (amino acid
residue or nucleotide) at a specific position in the first sequence and a molecule in the corresponding position in the
second sequence are the same as each other, the molecules in the positions are defined as being identical. The identity
between two sequences is a function of the number of identical positions shared by the two sequences (i.e., identity (%)
= number of identical positions / total number of positions 3 100). Preferably, the number and size of the gaps, which
are required to optimize the alignment of the two sequences, are taken into consideration.
[0016] The comparison and determination of the identity between two sequences can be carried out by using a math-
ematical algorithm. A specific example of the mathematical algorithm that can be used for comparing the sequences
includes an algorithm described in Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68 and modified by
Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. However, the algorithm is not necessarily limited to
this. Such an algorithm is incorporated in NBLAST program and XBLAST program (version 2.0) described in Altschul
et al. (1990) J. Mol. Biol. 215: 403-10. In order to obtain an equivalent nucleic acid sequence, for example, BLAST
nucleotide search with score = 100 and word length = 12 may be carried out by the NBLAST program. In order to obtain
an equivalent amino acid sequence, for example, BLAST polypeptide search with score = 50 and word length = 3 may
be carried out by the XBLAST program. In order to obtain gapped alignments for comparison, Gapped BLAST described
in Altschul et al., (1997) Amino Acids Research 25(17): 3389-3402 can be utilized. In using BLAST and Gapped BLAST,
the default parameters of the corresponding programs (e.g., XBLAST and NBLAST) can be used. In detail, see ht-
tp://www.ncbi.nlm.nih.gov. Another example of the mathematical algorithm that can be used for comparing sequences
includes an algorithm described in Meyers and Miller (1988) Comput. Appl. Biosci. 4: 11-17. Such programs are incor-
porated into the ALIGN program that can be used for, for example, GENESTREAM network server (IGH Montpellier,
France) or ISREC server. When the ALIGN program is used for comparison of the amino acid sequences, for example,
PAM120 weight residue table can be used in which a gap length penalty is 12 and a gap penalty is 4.
[0017] The identity between two amino acid sequences can be determined by using the GAP program in the GCG
software package, using Blossom 62 matrix or PAM250 matrix with the gap weight of 12, 10, 8, 6, or 4, and the gap
length weight of 2, 3, or 4. The identity between two nucleic acid sequences can be determined by using the GAP
program in the GCG software package (available at http://www.gcg.com), with the gap weight of 50, and the gap length
weight of 3.
[0018] The present enzyme may be a portion of a larger protein (for example, a fused protein). Examples of the
sequence added to a fused protein include the sequences useful for purification of multiple histidine residues, and
addition sequences which ensures stability in recombination production.
[0019] The present enzyme having the above-described amino acid sequence is readily prepared by a genetic engi-
neering technique. For example, an appropriate host cell (for example, Escherichia coli) is transformed by a DNA encoding
the present enzyme, and the protein expressed in the transformant is collected, and thereby preparing the present
enzyme. The collected protein is treated as appropriate according to the intended use. The present enzyme thus obtained
as a recombinant protein may be subjected to various modifications. For example, the present enzyme composed of a
recombinant protein linked to any peptide or protein can be obtained by producing a recombinant protein using a vector
into which a DNA encoding the present enzyme has been inserted together with other appropriate DNA. In addition,
modification for causing addition of a sugar chain and/or a lipid, or N- or C-terminal processing may be carried out. These
modifications allow, for example, extraction of a recombinant protein, simplification of purification, or addition of biological
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functions.
[0020] The present inventors have revealed the enzymological properties of the novel nucleosidases PN1 and PN2
which were successfully acquired. Therefore, the present enzymes PN1 and PN2 can also be characterized by the
following enzymological properties.

<Enzymological properties of PN1>

(1) Action

[0021] PN1 is a nucleosidase and catalyzes a reaction of hydrolyzing purine nucleosides into D-ribose and purine
bases. The purine nucleoside is a glycoside in which a purine base and a reducing group of sugar are bound by an N-
glycoside bond. Examples of the purine nucleoside include adenosine, guanosine, and inosine. In addition, the purine
base is a generic term for bases having a purine skeleton, and specific examples thereof include adenine, guanine,
hypoxanthine, and xanthine. In addition to purine nucleosides and purine bases, compounds having a purine skeleton
including purine nucleotides and the like are collectively referred to as purine bodies.
[0022] PN1 shows activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine,
and xanthine. In other words, PN1 is not subject to substantial inhibition by decomposition products. This characteristic
feature is particularly important in applying the present enzymes to the production of foods and beverages. According
to PN1 exhibiting this characteristic feature, it is possible to efficiently decompose the purine nucleosides derived from
the raw materials in the production process of foods and beverages.

(2) Molecular weight

[0023] PN1 contains a sugar chain (i.e., PN1 is a glycoprotein) in its natural form, and the molecular weight before
removal of N-linked oligosaccharides was about 53 kDa (molecular weight measured by SDS-PAGE). The molecular
weight is about 126 kDa when measured by gel filtration chromatography, and PN1 is presumed to form a dimer. On
the other hand, the molecular weight, when measured by SDS-PAGE after removal of N-linked oligosaccharides, was
about 49 kDa. Therefore, the molecular weight of the present enzyme when not containing N-linked oligosaccharides
is about 49 kDa (molecular weight measured by SDS-PAGE).

(3) Optimum temperature

[0024] The optimum temperature of PN1 is 55°C to 60°C. This high optimum temperature as described above is
advantageous in the application of PN1 to the production of foods and beverages through a treatment process at a
relatively high temperature. The optimum temperature can be evaluated by using an acetate buffer (pH 4.3) and also
using guanosine as a substrate for quantitating the reaction product ribose.

(4) Thermal stability

[0025] When treated in an acetate buffer (pH 4.5) for 60 minutes, PN1 maintains 80% or more activity under temperature
conditions of 45°C or lower. Therefore, for example, when the temperature during treatment is in the range of 5°C to
45°C, the residual activity after the treatment becomes 80% or more.
[0026] On the other hand, when PN1 is treated in a phosphate buffer (pH 6.0) for 30 minutes, PN1 maintains 80% or
more activity under the temperature conditions of 55°C or lower. Therefore, for example, when the temperature during
treatment is in the range of 5°C to 55°C, the residual activity after the treatment becomes 80% or more.
[0027] PN1 which exhibits such excellent thermal stability can show high activity even under relatively high temperature
conditions, for example, in the beer preparation process.
[0028] PN1 can be further characterized by the following enzymological properties (5) and (6).

(5) Optimum pH

[0029] The optimum pH of PN1 is 3.5. The optimum pH is determined based on the measurement results, for example,
in a citrate buffer for the pH range of 2.5 to 3.5, in an acetate buffer for the pH range of 3.5 to 5.5, and in a potassium
phosphate buffer for the pH range of 5.5 to 6.5.

(6) pH Stability

[0030] PN1 shows stable activity in a wide pH range. For example, if the pH of the enzyme solution to be treated is
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within the range of 3.5 to 7.5, PN1 shows 80% or more of the maximum activity after treatment at 30°C for 30 minutes.
Also, in the case of the treatment at 50°C for 60 minutes, if the pH of the enzyme solution to be treated is within the
range of 3.5 to 7.5, PN1 shows 80% or more of the maximum activity after the treatment. The pH stability is determined
based on the measurement results, for example, in a citrate buffer for the pH range of 2.5 to 3.5, in an acetate buffer
for the pH range of 3.5 to 5.5, and in a potassium phosphate buffer for the pH range of 5.5 to 6.5.

<Enzymological properties of PN2>

(1) Action

[0031] PN2 is a nucleosidase and catalyzes a reaction of hydrolyzing purine nucleosides into D-ribose and purine bases.
[0032] PN2 also shows activity in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine,
and xanthine. In other words, PN2 is not subject to substantial inhibition by decomposition products. This characteristic
feature is particularly important in applying the present enzymes to the production of foods and beverages. According
to PN2 exhibiting this characteristic feature, it is possible to efficiently decompose the purine nucleosides derived from
the raw materials in the production process of foods and beverages.

(2) Molecular weight

[0033] PN2 contains a sugar chain (i.e., PN2 is a glycoprotein) in its natural form, and the molecular weight before
removal of N-linked oligosaccharides was about 51 kDa (molecular weight measured by SDS-PAGE). The molecular
weight was about 230 kDa when measured by gel filtration chromatography. On the other hand, the molecular weight,
when measured by SDS-PAGE after removal of N-linked oligosaccharides, was about 40 kDa. Therefore, the molecular
weight of the present enzyme when not containing N-linked oligosaccharides is about 40 kDa (molecular weight measured
by SDS-PAGE).

(3) Optimum temperature

[0034] The optimum temperature of PN2 is 50°C to 55°C. This high optimum temperature as described above is
advantageous in the application of PN2 to the production of foods and beverages through a treatment process at a
relatively high temperature. The optimum temperature can be evaluated by using an acetate buffer (pH 4.3) and also
using guanosine as a substrate for quantitating the reaction product ribose.

(4) Thermal stability

[0035] When treated in an acetate buffer (pH 4.5) for 60 minutes, PN2 maintains 80% or more activity under temperature
conditions of 65°C or lower. Therefore, for example, when the temperature during treatment is in the range of 5°C to
65°C, the residual activity after the treatment becomes 80% or more.
[0036] On the other hand, when treated in a phosphate buffer (pH 6.0) for 30 minutes, PN2 maintains 80% or more
activity under the temperature conditions of 55°C or lower. Therefore, for example, when the temperature during treatment
is in the range of 5°C to 55°C, the residual activity after the treatment becomes 80% or more.
[0037] PN2 which exhibits such excellent thermal stability can show high activity even under relatively high temperature
conditions, for example, in the beer preparation process.
[0038] PN2 can be further characterized by the following enzymological properties (5) and (6).

(5) Optimum pH

[0039] The optimum pH of PN2 is 4.5. The optimum pH is determined based on the measurement results, for example,
in a citrate buffer for the pH range of 2.5 to 3.5, in an acetate buffer for the pH range of 3.5 to 5.5, and in a potassium
phosphate buffer for the pH range of 5.5 to 6.5.

(6) pH Stability

[0040] PN2 shows stable activity in a wide pH range. For example, if the pH of the enzyme solution to be treated is
within the range of 3.5 to 7.5, PN2 shows 80% or more of the maximum activity after treatment at 30°C for 30 minutes.
In addition, in the case of the treatment at 50°C for 60 minutes, if the pH of the enzyme solution to be treated is within
the range of 4.5 to 7.5, PN2 shows 80% or more of the maximum activity, after the treatment. The pH stability is determined
based on the measurement results, for example, in a citrate buffer for the pH range of 2.5 to 3.5, in an acetate buffer
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for the pH range of 3.5 to 5.5, and in a potassium phosphate buffer for the pH range of 5.5 to 6.5.
[0041] The present enzyme preferably is nucleosidase derived from Penicillium multicolor. Here, by "nucleosidase
derived from Penicillium multicolor" is meant a nucleosidase enzyme produced by a microorganism (of either a wild-
type strain or a mutant strain) which is classified into Penicillium multicolor, or a nucleosidase enzyme obtained by
genetic engineering procedures using the nucleosidase gene from a microorganism (of either a wild-type strain or a
mutant strain) which is classified into Penicillium multicolor. Therefore, "nucleosidase derived from Penicillium multicolor"
encompasses a recombinant enzyme that is produced by a host microorganism into which the nucleosidase gene (or
a modified gene thereof) obtained from Penicillium multicolor has been introduced.
[0042] A strain of Penicillium multicolor is from which the present enzyme is derived is referred to as a producer strain
for the present enzyme, for the purpose of description.
[0043] As shown in Examples described below, the present inventors have succeeded in isolating and purifying nu-
cleosidases having the above properties from a Penicillium multicolor IFO 7569 strain. The Penicillium multicolor IFO
7569 strain is a bacterial strain (published as NBRC 7569 in the NBRC Culture catalog) stored in the National Institute
of Technology and Evaluation (2-5-8 Kazusakamatari, Kisarazu, Chiba), and can be obtained through prescribed pro-
cedures.

3. Gene encoding nucleosidase, recombinant DNA, and transformant

[0044] The second aspect of the invention relates to a gene encoding the present enzyme. In one embodiment, the
gene of the invention includes a DNA that encodes an amino acid sequence of SEQ ID NO: 1 or 2. Specific examples
of the embodiment are the base sequence of SEQ ID NO: 3, which corresponds to the cDNA encoding the amino acid
sequence of SEQ ID NO: 1, the base sequence of SEQ ID NO: 4, which corresponds to the genome DNA encoding the
amino acid sequence of SEQ ID NO: 1, the base sequence of SEQ ID NO: 5, which corresponds to the cDNA encoding
the amino acid sequence of SEQ ID NO: 2, and the base sequence of SEQ ID NO: 6, which corresponds to the genome
DNA encoding the amino acid sequence of SEQ ID NO: 2.
[0045] The gene encoding the present enzyme is typically used in preparation of the present enzyme. According to a
genetic engineering procedure using the gene encoding the present enzyme, the present enzyme in a more homogeneous
state can be obtained. Further, the method can be a preferable method also in the case of preparing a large amount of
the present enzyme. Note that uses of the gene encoding the present enzyme are not limited to preparation of the
present enzyme. For example, the nucleic acid can also be used as a tool for an experiment intended for clarification of
action mechanisms of the present enzyme or a tool for designing or preparing a mutant (modified form) of the present
enzyme.
[0046] The "gene encoding the present enzyme" herein refers to a nucleic acid capable of obtaining the present
enzyme when it is expressed, and includes, as a matter of course of a nucleic acid having a base sequence corresponding
to the amino acid sequence of the present enzyme, also a nucleic acid obtained by adding a sequence that does not
code for an amino acid sequence to such a nucleic acid. Degeneracy of a codon is also considered.
[0047] The gene of the present invention can be prepared in an isolated state by using a standard genetic engineering
technique, a molecular biological technique, a biochemical technique, a chemical synthesis, a PCR method (e.g. an
overlap extension PCR) or a combination thereof, with reference to sequence information disclosed in the present
specification or attached sequence list.
[0048] In general, when a part of DNA encoding a certain protein is modified, a protein encoded by the modified DNA
may sometimes have the equal function to that of a protein encoded by the DNA before modification. That is to say, the
modification of the DNA sequence does not have a substantial effect on the function of the encoded protein, so that the
function of the encoded protein may be maintained before and after the modification. Thus, as another embodiment, the
present invention provides DNA encoding a protein having a base sequence equivalent to the reference base sequence
(i.e., any one of SEQ ID NOs: 3 to 6) and having the nucleosidase activity (hereinafter, which is also referred to as
"equivalent DNA"). The "equivalent base sequence" herein denotes a base sequence which is partly different from the
reference base sequence but in which the function (herein, nucleosidase activity) of the protein encoded by the sequence
is not substantially affected by the difference.
[0049] A specific example of the equivalent DNA includes DNA that hybridizes to the complementary base sequence
of the reference base sequence under stringent conditions. Herein, the "stringent conditions" are referred to as conditions
in which a so-called specific hybrid is formed but a nonspecific hybrid is not formed. Such stringent conditions are known
to persons skilled in the art. Such stringent conditions can be set with reference to, for example, Molecular Cloning (Third
Edition, Cold Spring Harbor Laboratory Press, New York) and Current protocols in molecular biology (edited by Frederick
M. Ausubel et al., 1987). An example of the stringent conditions can include a condition in which a hybridization solution
(50% formamide, 10 3 SSC (0.15 M NaCl, 15 mM sodium citrate, pH 7.0), 5 3 Denhardt solution, 1% SDS, 10% dextran
sulfate, 10 mg/ml denatured salmon sperm DNA, and 50 mM phosphate buffer (pH 7.5)) is used and incubated at about
42°C to about 50°C, thereafter, washed with 0.1 3 SSC and 0.1% SDS at about 65°C to about 70°C. Further preferable
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stringent conditions can include, for example, a condition in which a hybridization solution 50% formamide, 5 3 SSC
(0.15 M NaCl, 15 mM sodium citrate, pH 7.0), 1 3 Denhardt solution, 1% SDS, 10% dextran sulfate, 10 mg/ml denatured
salmon sperm DNA, and 50 mM phosphate buffer (pH 7.5)) is used.
[0050] Another specific example of the equivalent DNA can include DNA enco ding a protein having a base sequence
which includes substitution, deletion, inse rtion, addition or inversion in one or a plurality of bases (preferably one to sev
eral bases) in the reference base sequence, and which has a β-galactosidase act ivity. The substitution, deletion, or the
like, of the base may occur in a plurali ty of sites. The "plurality" herein denotes, for example, 2 to 40 bases, prefera bly
2 to 20 bases, and more preferably 2 to 10 bases, although it depends upo n the positions or types of the amino acid
residue in the three-dimensional stru cture of the protein encoded by the DNA.
[0051] The equivalent DNA shows a 70% or more identity for example, prefer ably a 80% or more identity, more
preferably a 90% or more identity, more an d more preferably a 95% or more identity, and most preferably a 99 % or
mor e identity with the reference base sequence (i.e., any one of SEQ ID NOs: 3 to 6).
[0052] The above-mentioned equivalent DNA can be obtained by modifying the reference DNA so as to include
substitution, deletion, insertion, addition and/or inversion of base by using treatment with a restriction enzyme; treatment
with exonuclease, DNA ligase, etc; introduction of mutation by a site-directed mutagenesis (Molecular Cloning, Third
Edition, Chapter 13, Cold Spring Harbor Laboratory Press, New York) and random mutagenesis (Molecular Cloning,
Third Edition, Chapter 13, Cold Spring Harbor Laboratory Press, New York), and the like. Furthermore, the equivalent
DNA can be also obtained by other methods such as irradiation with ultraviolet ray. A further example of the equivalent
DNA can include DNA having difference in base as mentioned above due to polymorphism represented by SNP (single
nucleotide polymorphism).
[0053] Another embodiment of the present invention relates to a nucleic acid having the complementary base sequence
to the base sequence of the gene encoding the present enzyme. Another embodiment of the present invention provides
a nucleic acid having a base sequence with an identity of at least about 60%, 70%, 80%, 90%, 95%, 99%, or 99.9% to
the base sequence of the gene encoding the present enzyme or the complementary base sequence thereto.
[0054] Another aspect of the present invention relates to a recombinant DNA containing the gene of the present
invention (the gene encoding the present enzyme). The recombinant DNA of the invention is provided in, for example,
a form of a vector. The term "vector" in the present specification refers to a nucleic acid molecule that can transfer a
nucleic acid inserted in the vector to a target such as a cell.
[0055] A suitable vector is selected according to its intended use (cloning, expression of a protein) and in consideration
of a kind of a host cell. Examples include a M13 phage or an altered form thereof, a λ phage or an altered form thereof,
and pBR322 or an altered form thereof (e.g., pB325, pAT153, pUC8), etc. as a vector having Escherichia coli as a host,
pYepSec1, pMFa, and pYES2 as a vector having a yeast as a host, pAc, pVL, etc. as a vector having an insect cell as
a host, and pCDM8, pMT2PC, etc. as a vector having a mammal cell as a host.
[0056] The vector of the present invention is preferably an expression vector. The "expression vector" refers to a vector
capable of introducing a nucleic acid inserted in the expression vector into a target cell (host cell) and expressing it in
the cell. The expression vector generally contains a promoter sequence necessary for expression of a nucleic acid
inserted, an enhancer sequence for promoting expression, and the like. An expression vector containing a selective
marker can also be used. When such an expression vector is used, presence or absence (and its degree) of introduction
of the expression vector can be confirmed using a selective marker.
[0057] Insertion of DNA into the vector, insertion of a selective marker gene (if necessary), insertion of a promoter (if
necessary), and the like can be performed by using a standard recombinant DNA technique (for example, a known
method of using a restriction enzyme and a DNA ligase, which can be referred in Molecular Cloning, Third Edition, 1.84,
Cold Spring Harbor Laboratory Press, New York).
[0058] The present invention further relates to a transformant into which the recombinant DNA, which contains the
gene of the present invention, of the present invention is introduced. In the transformant of the preset invention, the
gene of the present invention exists as an exogenous molecule. Preferably, the transformant of the present invention
can be preferably prepared by transfection or transformation using the vector of the present invention mentioned above.
The transfection and transformation can be carried out by, for example, a calcium phosphate coprecipitation method,
electroporation (Potter, H. et al., Proc. Natl. Acad. Sci. U.S.A. 81, 7161-7165(1984)), lipofection (Felgner, P.L. et al.,
Proc. Natl. Acad. Sci. U.S.A. 84,7413-7417 (1984)), microinjection (Graessmann, M. & Graessmann, A., Proc. Natl.
Acad. Sci. U.S.A. 73,366-370 (1976)), a method by Hanahan (Hanahan, D., J. Mol. Biol. 166, 557-580 (1983)), a lithium
acetate method (Schiestl, R.H. et al., Curr. Genet. 16, 339-346 (1989)), protoplast - polyethylene glycol method (Yelton,
M.M. et al., Proc. Natl. Acad. Sci. 81, 1470-1474 (1984)), and the like.
[0059] The host cell is not particularly limited as long as the present enzyme can be expressed, and it can be selected
from, for example, Bacillus genus bacteria (e.g. Bacillus subtillis, Bacillus licheniformis, Bacillus circulans, etc.), lactic
acid bacteria (e.g. Lactococcus, Lactobacillus, Streptococcus, Leuconostoc, Bifidobacterium, etc.), other bacteria (e.g.
Escherichia, Streptomyces, etc.), yeast (e.g. Saccharomyces, Kluyveromyces, Candida, Torula, Torulopsis, etc.), and
filamentous fungi (Eumycetes) (e.g. Aspergillus genus fungi such as Aspergillus oryzae and Aspergillus niger, Penicillium



EP 3 502 249 A1

11

5

10

15

20

25

30

35

40

45

50

55

genus fungi, Trichoderma genus fungi, Fusarium genus fungi, etc.).

4. Method for producing nucleosidase

[0060] A third aspect of the present invention provides a method for producing a nucleosidase. One embodiment of
the production method according to the present invention involves the step (step (1)) of culturing a producer microorganism
for the present enzyme and the step (step (2)) of collecting the nucleosidase from the culture solution and/or the cell
bodies after culture. The producer microorganism for the present enzyme is, for example, Penicillium multicolor, preferably
a Penicillium multicolor IFO 7569 strain or a mutant strain thereof. The mutant strain can be obtained, for example, by
irradiation with ultraviolet rays, X rays, γ rays, or the like, or treatment with nitrous acid, hydroxylamine, N-methyl-N’-
nitro-N-nitrosoguanidine, or the like.
[0061] Conditions and methods for culturing cells are not particularly limited, as long as the inventive enzyme is
produced. Thus, methods and culture conditions that are suitable for culturing a microorganism to be used can be set
as appropriate, with the proviso that the inventive enzyme is produced. Although the culturing may be by either liquid
culture or solid culture, liquid culture is preferably employed. Taking liquid culture as an example, culturing conditions
therefor will be described below.
[0062] As the medium, any medium can be used as long as microorganisms to be used can grow. For example, a
medium supplemented with a carbon source such as glucose, sucrose, gentiobiose, soluble starch, glycerin, dextrin,
molasses, and organic acid; and further, a nitrogen source such as ammonium sulfate, ammonium carbonate, ammonium
phosphate, ammonium acetate, or peptone, yeast extract, corn steep liquor, casein hydrolysate, bran, and meat extract;
and furthermore, an inorganic salt such as potassium salt, magnesium salt, sodium salt, phosphate salt, manganese
salt, iron salt, and zinc salt, and the like, can be used. In order to promote the growth of transformants to be used, vitamin,
amino acid, and the like, may be added to the medium. The medium is cultured under the aerobic conditions such that
the pH of the medium is adjusted to, for example, about 3 to 8 (preferably about 4 to 7), and the culture temperature is
generally about 20°C to 40°C (preferably about 25°C to 35°C) for 1 to 20 days (preferably 3 to 10 days). An example of
the culture method may include a shake culture method, and an aerobic submerged culture method by using a jar
fermenter.
[0063] After culturing under the above conditions, the target protein is collected from the culture solution or the cell
bodies (step (2)). When it is collected from the culture solution, the present enzyme can be obtained by separation and
purification by removing insoluble matters by, for example, filtration of culture supernatant, centrifugation, and the like,
followed by carrying out, for example, concentration by ultrafiltration membrane, salting out by ammonium sulfate pre-
cipitation, dialysis, various types of chromatography of an ion-exchange resin or an appropriate combination thereof.
On the other hand, when it is collected from cell bodies, the target protein can be obtained by pulverizing the cell bodies
by pressuring treatment, ultrasonic treatment, or the like, followed by separation and purification thereof similar to the
above. After collection of the cell bodies from a culture solution by filtration, centrifugation, etc., a series of processes
(pulverizing, separation, and purification of cell bodies) mentioned above may be carried out.
[0064] In another embodiment of the present invention, the nucleosidase is produced by using the above-mentioned
transformant. In the production method in this embodiment, the transformant is cultured under the conditions such that
a protein encoded by a gene introduced therein is produced (step (i)). The culture conditions of transformant are known
as to various vector-host systems, and a person skilled in the art can easily set an appropriate culture condition. Following
to the culturing step, the produced protein (nucleosidase) is collected (step (ii)). Collection and following purification can
be conducted in the same manner as the above embodiment.
[0065] The purification degree of nucleosidase is not particularly limited. Furthermore, the final form of the β-galac-
tosidase may be a liquid state or a solid state (including a powdery state).
[0066] The purified enzyme obtained as described above can be provided after being powdered, for example, by
freeze dry, vacuum dry, or spray dry. In this time, the purified enzyme may be previously dissolved in a phosphoric acid
buffer solution, a triethanol amine buffer solution, a tris-hydrochloric acid buffer solution, or a GOOD buffer solution.
Preferably, a phosphoric acid buffer solution and a triethanol amine buffer solution can be used. Note that, for the GOOD
buffer solution herein, PIPES, MES or MOPS is exemplified.

5. Enzyme preparation (nucleosidase preparation)

[0067] The present enzyme is provided, for example, in the form of an enzyme preparation (nucleosidase preparation).
The enzyme preparation may contain an excipient, a buffer agent, a suspending agent, a stabilizer, a preservative, an
antiseptic, saline and the like besides the active ingredient (i.e. the present enzyme). The degree of purity of the present
enzyme is not particularly limited. Thus, the present enzyme may be a crude or purified enzyme. As the excipient, lactose,
sorbitol, D-mannitol, maltodextrin, white soft sugar, common salt and the like can be used. As the buffer agent, phosphates,
citrates, acetates and the like can be used. As the stabilizer, propylene glycol, ascorbic acid and the like can be used.
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As the preservative, phenol, benzalkonium chloride, benzyl alcohol, chlorobutanol, methylparaben and the like can be
used. As the antiseptic, benzalkonium chloride, paraoxybenzoic acid, chlorobutanol and the like can be used.
[0068] In one embodiment of the present enzyme preparation, in order to obtain a liquid enzyme preparation through
simple operations, an enzyme preparation is produced by a production method including the following steps (I) and (II):

(I) culturing a producer microorganism for the present enzyme; and
(II) removing the cell bodies after culture.

[0069] Step (I) is similar to the above step (1) in the method for producing the present enzyme, and thus the explanation
thereof will be omitted. In step (II) following step (I), the cell bodies are removed by centrifugation, filtration, filter treatment,
or the like. The thus-obtained culture solution containing no cell body is used as an enzyme preparation as it is or after
further treatment (i.e., the step (step (III)) of purifying the culture solution after removing the cell bodies). Examples of
the further treatment referred to herein can include concentration with an ultrafiltration membrane.

6. Use of nucleosidase

[0070] A further aspect of the present invention provides use of the present enzyme or the present enzyme preparation.
As a first use, a method for producing beer or beer-based beverages is provided. The "beer-based beverages" include
"low-malt beer" with a reduced malt usage rate and beer-flavored effervescent alcoholic drinks (commonly referred to
as "third beers") made from raw materials and by a process, which raw materials and process are different from those
for beer and low-malt beer. The third beers are roughly divided into those brewed without using malt as a raw material
and those made by blending a different alcoholic drink (as a representative, barley spirits) in low-malt beers. Under the
current Liquor Tax Law, the former is classified under the category "other brewed alcohols (effervescent) (1)", and the
latter is classified under the category "liqueur (effervescent) (1)". Hereinafter, a mode of use will be described by taking,
as an example, a case where the present enzyme or the present enzyme preparation is applied to the production of
beer. Note that this applies also to beer-based beverages.
[0071] When the present enzyme or the present enzyme preparation is applied to the production of beer, the present
enzyme is caused to act on wort in the beer production process, and the purine nucleosides in the wort are decomposed
into D-ribose and purine bases. The yeast used for beer fermentation usually cannot assimilate purine nucleosides, but
can assimilate free purine bases. Therefore, if the purine nucleosides in the wort are converted into free purine bases
by the action of the present enzyme, yeast assimilates free purine bases during the fermentation process, so that beer
with a reduced total content of purine bodies is obtained.
[0072] The present enzyme or the present enzyme preparation is useful also for the purpose of reducing purine bodies
in foods or beverages other than beer or beer-based beverages. When the present enzyme or the present enzyme
preparation is used in the production process of foods or beverages, the purine nucleosides derived from the raw materials
can be converted into free purine bases. If the free purine bases are removed in the subsequent production process,
foods/beverages with a reduced content of purine bodies can be obtained. Therefore, the present enzyme or the present
enzyme preparation can be applied to the production of foods or beverages from which free purine bases can be removed
in the production process. Examples of the corresponding foods and beverages include foods and beverages utilizing
fermentation by microorganisms that can assimilate free purine bases, i.e., fermented foods and fermented beverages.
Specifically, various pickles, miso, soy sauce, yogurt, fermented milk, lactic acid bacteria beverage, shaoxing wine, and
wine are exemplified. In the application of the present enzyme/the present enzyme preparation to the production of these
foods and beverages, for example, the present enzyme/enzyme preparation is added to raw materials before or during
fermentation to act thereon, thereby decomposing the purine nucleosides in the raw materials into D-ribose and purine
bases. The produced purine bases are typically assimilated by microorganisms during fermentation. As a result, foods
or beverages having a reduced total content of purine bodies can be obtained.

[Examples]

1. Acquisition of novel nucleosidase

[0073] More than 10,000 kinds of microorganisms were screened in order to find an enzyme useful for producing low-
purine beer. As a result, four strains of microorganisms, i.e., a Penicillium multicolor IFO 7569 strain, a Bacillus brevis
IFO 15304 strain, a Brevibacillus linens IFO 12141 strain, and a Mucor javanicus 4068 strain were identified as promising
candidates. Assuming that the nucleosidases produced by these microorganisms were used in the beer preparation
process, the nucleosidases were evaluated in terms of the action and effect under general conditions (mashing test) for
the preparation process.
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(1) Method for culturing Penicillium multicolor IFO 7569 strain

[0074] A Penicillium multicolor IFO 7569 strain was inoculated into 100 mL of the following culture medium B and
cultured with shaking in a Sakaguchi flask with a volume of 500 mL at 27°C for 48 to 72 hours. This preculture solution
was transferred to 2L of the following culture medium B and cultured with aeration and agitation at 27°C for 120 to 188
hours. This culture solution was filtered through diatomaceous earth to remove cell bodies. The culture supernatant
obtained after removal of the cell bodies was concentrated with an ultrafiltration membrane to obtain lyophilized powders.

<Culture medium A>

[0075] 1% Lustergen FK (Nippon Starch Chemical Co., Ltd.)
1% Yeast extract (Difco)
0.5% NaCl
pH 7.0

<Culture medium B>

[0076] 1% Lustergen FK (Nippon Starch Chemical Co., Ltd.)
1% Yeast extract (Difco)
2% Cornmeal (Matsumoto Nosan K.K.)
0.5% NaCl
pH 6.5

(2) Method for culturing Bacillus brevis IFO 15304 strain, Brevibacillus linens IFO 12141 strain, and Mucor javanicus 
4068 strain

[0077] A Bacillus brevis IFO 15304 strain and a Brevibacillus linens IFO 12141 strain were each inoculated into 10
mL of the above culture medium A and cultured with shaking at 30°C for 48 hours in a test tube. On the other hand, a
Mucor javanicus IFO 4068 strain was inoculated into the above culture medium B 10 mL and cultured under the same
conditions. The culture solutions were each transferred to 50 mL of the main culture medium having the same composition
and cultured with shaking at 30°C for 120 hours. The culture solutions were centrifuged to remove cell bodies to obtain
lyophilized powders from the supernatants after removal of the cell bodies.

(3) Measurement of nucleosidase activity

[0078] The nucleosidase activity was defined by quantitating ribose produced by a reaction using guanosine as a
substrate. In 1 mL of a reaction solution, a 0.1M acetate buffer (pH 4.3), 8 mM of guanosine and an appropriate amount
of an enzyme are contained. The reaction started with addition of guanosine, and was carried out at 55°C for 30 minutes.
The reaction was stopped by adding 1.5 mL of a 0.5% dinitro salicylic acid solution, and then the solution was boiled for
10 minutes. The absorbance at 540 nm of the reaction solution after cooling was measured, and the activity value was
calculated from the value obtained by subtracting the absorbance of an enzyme-free reaction solution. The amount of
the enzyme producing 1 mmol of ribose in 30 minutes was defined as 1 U of enzyme activity.

(4) Mashing test

[0079] Together with 80 g of pulverized malt and 320 mL of water, each nucleosidase was added in an amount
equivalent to 320 U, and a mashing test was carried out to prepare wort. The reaction process is shown in Fig. 1. The
amount of each purine body in the wort after mashing was quantitatively analyzed by high performance liquid chroma-
tography under the following conditions.

<HPLC conditions>

[0080] Column: Asahipak GS-220 HQ
Mobile phase: 150 mM sodium phosphate buffer (pH 2.5)
Temperature: 35°C
Flow rate: 0.5 mL/min
Detection: 260 nm
[0081] The analysis results are shown in Fig. 2. In the figure, the free purine base ratio is also shown based on the
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following calculation formula: 

[0082] In the wort to which the nucleosidase derived from the Penicillium multicolor (P. multicolor) IFO 7569 strain
was added, the purine nucleosides decreased and the purine bases increased. In contrast, the nucleosidases from the
Bacillus brevis IFO 15304 strain, the Brevibacillus linens IFO 12141 strain, and the Mucor javanicus 4068 strain seemed
to have been probably inhibited by degradation products (adenine, guanine, hypoxanthine, and xanthine), and there
were no significant changes in amounts of the purine nucleosides.

(5) Study on properties of nucleosidase derived from Penicillium multicolor IFO 7569 strain (P. multicolor nucleosidase)

[0083] In order to investigate the properties of the P. multicolor nucleosidase, a solution having the following composition
(hereinafter referred to as simulated wort) was used to review the operative temperature range and the operative pH range.
[0084] Adenosine 0.08 mmol/L
Adenine 0.43 mmol/L
Inosine 0.49 mmol/L
Hypoxanthine 0.08 mmol/L
Guanosine 0.67 mmol/L
Guanine 1.45 mmol/L
Xanthosine 0.00 mmol/L
Xanthine 0.08 mmol/L

(5-1) Operative temperature range

[0085] To 2 mL of simulated wort, 9 U of the P. multicolor nucleosidase was added to cause a reaction at pH 5.5 for
1 hour at each temperature, then diluted 10 times with a 150 mM sodium phosphate buffer (pH 2.5) as the mobile phase
of HPLC, and quantitatively analyzed by high performance liquid chromatography. The free purine base ratio was
calculated based on the following calculation formula. At the reaction temperature of 50°C to 60°C, the free purine base
ratio became 90% or more (Fig. 3). 

(5-2) Operative pH range

[0086] To 2 mL of simulated wort, 9 U of the P. multicolor nucleosidase was added to cause a reaction at 55°C for 1
hour at each pH, then diluted 10 times with a 150 mM sodium phosphate buffer (pH 2.5) as the mobile phase of HPLC,
and quantitatively analyzed by high performance liquid chromatography. A citrate buffer was used when the pH was 4.5
to 6.0, and an MES buffer was used when the pH was 6.0 to 6.5. As in the case of the study on the operative temperature
range, the free purine base ratio was calculated. In the citrate buffer, the free purine body ratio was 80% or more when
the pH was 4.5 to 5.5. In the MES buffer, the free purine body ratio was 80% or more when the pH was 6.0 to 6.5 (Fig. 4).

(6) Purification of nucleosidase derived from Penicillium multicolor IFO 7569 strain

[0087] The nucleosidase was purified by hydroxyapatite column, anion exchange column, hydrophobic column, and
gel filtration column chromatographies. A series of purification processes will be shown below. First, 0.1 g of the lyophilized
powder prepared from the culture solution of the Penicillium multicolor IFO 7569 strain was dissolved in 5 mL of a buffer
(5 mM potassium phosphate buffer (pH 6) + 0.3 M NaCl), and the solution was applied to a hydroxyapatite column
(BioRad) equilibrated with the same buffer. The adsorbed protein was eluted with a phosphoric acid gradient of 5 mM
to 300 mM, and an active fraction was collected. The obtained active fraction was dialyzed against a buffer (20 mM
potassium phosphate buffer (pH 5.5)) and applied to a DEAE HP column (GE Healthcare) equilibrated with the same
buffer. When the adsorbed protein was eluted with an NaCl gradient of 0 mM to 500 mM, three peaks were observed
(Fig. 5). Fr. 2 was defined as peak 1, Fr. 8 and Fr. 9 as peak 2, and Fr. 14 and Fr. 15 as peak 3.
[0088] The collected peak 3 was dialyzed against a buffer (20 mM acetate buffer (pH 4.5) + 30% saturated ammonium
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sulfate), and applied to a Phenyl HP column (GE Healthcare) equilibrated with the same buffer. The adsorbed protein
was eluted with an ammonium sulfate gradient of 30% saturation to 0%, and the active fraction was collected. The
obtained active fraction was dialyzed with a buffer (20 mM sodium phosphate buffer (pH 6)) and then concentrated to
0.5 mL using an ultrafiltration membrane. The concentrated active fraction was applied to HiLoad 16/60 Superdex 200
(GE Healthcare) equilibrated with the same buffer, and an active fraction was collected. The obtained purified enzyme
was confirmed to show a single band by SDS-PAGE (Fig. 6). The molecular weight was estimated to be about 53 kDa
by SDS-PAGE and about 126 kDa by gel filtration chromatography (Fig. 7). The sugar chains of the resultant purified
enzyme were removed with PNGase F (New England BioLabs). The treatment method was in accordance with the
attached protocol. By SDS-PAGE after the treatment, it was shown that the molecular weight decreased from about 53
kDa to about 49 kDa by removal of the N-linked oligosaccharides (Figs. 6 and 7). The collected peaks 1 and 2 were
similarly purified, and their molecular weight was determined by SDS-PAGE and gel filtration chromatography. The
molecular weight was estimated to be about 51 kDa by SDS-PAGE and about 230 kDa by gel filtration chromatography
(Fig. 7). The sugar chains of the resultant purified enzyme were removed with PNGase F (New England BioLabs). By
SDS-PAGE after the treatment, it was shown that the molecular weight decreased from about 51 kDa to about 40 kDa
by removal of the N-linked oligosaccharides (Figs. 6 and 7).
[0089] When the N-terminal amino acid sequence of the respective purified enzymes (peaks 1 to 3) were analyzed
with a protein sequencer (Shimadzu Corporation), the following sequences were estimated.
[0090] N-terminal amino acid sequence of peak 1: ADKHYAIMDNDWYTA (SEQ ID NO: 7)
N-terminal amino acid sequence of peak 2: ADKHYAIMDNDWYTA (SEQ ID NO: 8)
N-terminal amino acid sequence of peak 3: VETKLIFLT (SEQ ID NO: 9)
[0091] Peak 1 and peak 2 had the same molecular weight and N-terminal amino acid sequence, and thus were
estimated to be the same enzymes (Fig. 7). In the subsequent study, the enzymes were called PN2, and the enzyme
of peak 3 was called PN1.

2. Gene cloning

[0092] The following degenerate primers were designed from the determined N-terminal amino acid sequences and
nucleosidase conserved sequences, and PCR was carried out using the P. multicolor genomic DNA as a template.

<Degenerate primer for PN1>

[0093] FW: ACIAARTAYMGNTTYYTIAC (SEQ ID NO: 10)
RV: CATNCCNCKNGTCCAYTGNCC (SEQ ID NO: 11)

<Degenerate primer for PN2>

[0094] FW: GCNATHATGGAYAAYGAYTGGTAYAC (SEQ ID NO: 12)
RV: GCNGCNGTYTCRTCCCARAANGG (SEQ ID NO: 13)
[0095] The obtained amplified fragments were subcloned into pMD20-T (TaKaRa) and sequenced. Southern blotting
and colony hybridization were carried out using the probes shown in Fig. 8. The obtained fragments were sequenced
to identify the base sequences (Fig. 9) in the genomes of PN1 and PN2.
[0096] Next, cDNA was prepared from mRNA prepared from the P. multicolor genomic DNA using SMARTER RACE
5’ / 3’ (TaKaRa). Then, PCR was carried out using the following primers, and the amplified fragments were sequenced
to determine the base sequences of PN1 and PN2 in the cDNA (Fig. 10). From the determined base sequences, amino
acid sequences of PN1 and PN2 were identified (Fig. 11). In Fig. 12, PN1 and PN2 were compared.

<PCR primer for PN1>

[0097] FW: ATGGCACCTAAGAAAATCATCATTG (SEQ ID NO: 14)
RV: TTAGTGGAAGATTCTATCGATGAGG (SEQ ID NO: 15)

<PCR primer for PN2>

[0098] FW: ATGCATTTCCCTGTTTCATTGCCGC (SEQ ID NO: 16)
RV: TCAACGCTCATTTCTCAGGTCGG (SEQ ID NO: 17)
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3. Study on various properties of enzyme PN1

(1) Optimum temperature

[0099] The optimum temperature of the nucleosidase (PN1) of peak 3 collected from the DEAE HP column was
analyzed. The results at the respective temperatures are shown in Fig. 13. The optimum temperature under the conditions
was 55°C to 60°C.

(2) Thermal stability

[0100] The thermal stability of the nucleosidase of peak 3 collected from the DEAE HP column was analyzed. PN1
showed residual activity of 80% at up to 45°C when treated at pH 4.5 for 60 minutes and at up to 55°C when treated at
pH 6.0 for 30 minutes (Fig. 14).

(3) Optimum pH

[0101] The optimum pH of the nucleosidase of peak 3 collected from the DEAE HP column was analyzed. A citrate
buffer was used for pH 2.5 and pH 3.5, an acetate buffer was used for pH 3.5, pH 4.5, and pH 5.5, and a potassium
phosphate buffer was used for pH 5.5 and pH 6.5. The optimum pH was pH 3.5 (Fig. 15).

(4) pH stability

[0102] The pH stability of the nucleosidase of peak 3 collected from the DEAE HP column was analyzed when treatment
was carried out at 30°C for 30 minutes and at 50°C for 60 minutes, respectively, at each pH. The same buffers were
used as those used for the study on the optimum pH, and a potassium phosphate buffer was used for pH 7.5. The
nucleosidase showed residual activity of 80% or more at a pH of 3.5 to 7.5 when treated at 30°C for 30 minutes and at
a pH of 3.5 to 7.5 when treated at 50°C for 60 minutes (Fig. 16).

4. Recombinant production of enzyme PN2

[0103] The cDNA fragment of PN2 was inserted into the cloning site of an expression vector to construct a PN2
expression vector. The expression vector was used to transform Aspergillus oryzae (A. oryzae (pyrG-)). The obtained
transformant was cultured in liquid for 4 days (30°C, 300 rpm). The culture supernatant was collected to measure the
nucleosidase activity. As a result, it was revealed that a transformant showing activity was obtained. In addition, when
the culture supernatant was subjected to sugar chain removal treatment and electrophoresis, a band having a size
consistent with the estimated molecular weight was confirmed (Fig. 17).

5. Study on various properties of enzyme PN2

[0104] Recombinantly produced PN2 was used to study various properties. Experiment method, conditions, and the
like were the same as in the case of the study on PN1.

(1) Optimum temperature

[0105] The optimum temperature was 50°C to 55°C (Fig. 18).

(2) Thermal stability

[0106] PN2 showed residual activity of 80% at up to 65°C when treated at pH 4.5 for 60 minutes and at up to 55°C
when treated at pH 6.0 for 30 minutes (Fig. 19).

(3) Optimum pH

[0107] A citrate buffer was used for pH 2.5 and pH 3.5, an acetate buffer was used for pH 3.5, pH 4.5, and pH 5.5,
and a potassium phosphate buffer was used for pH 5.5 and pH 6.5. The optimum pH was 4.5 (Fig. 20).
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(4) pH stability

[0108] The pH stability was analyzed when treatment was carried out at 30°C for 30 minutes and at 50°C for 60
minutes, respectively, at each pH. The same buffers were used as those used for the study on the optimum pH. PN2
showed residual activity of 80% or more at a pH of 3.5 to 7.5 when treated at 30°C for 30 minutes and a pH of 4.5 to
7.5 when treated at 50°C for 60 minutes (Fig. 21).

6. Mashing test on enzyme PN2

[0109] A mashing test was conducted using recombinantly produced PN2. Test methods, conditions, and the like were
the same as in the above 1. (4). The amount of each purine body in the wort after mashing was quantitatively analyzed
by high performance liquid chromatography. The analysis results are shown in Fig. 22. It can be seen that, in the wort
to which PN2 (nucleosidase) was added, the purine nucleosides decrease and the purine bases increase.

7. Mashing test under low-pH conditions

[0110] In order to further confirm the usefulness of the nucleosidase derived from the Penicillium multicolor IFO 7569
strain in the production of beer or beer-based beverages, a mashing test was carried out at a pH around the optimum
pH (pH 4.5 to 5.5) of the enzyme to study whether the desired effect (that is, reduction in purine bodies) could be obtained.
Together with 80 g of pulverized malt and 320 mL of water, the nucleosidase was added in an amount equivalent to
2400 U, and the pH at the initial (52°C) and 60°C processes were each adjusted to pH 4.5, pH 5.0, or pH 5.5, and a
mashing test was conducted to prepare wort. The reaction process is shown in Fig. 23. The amount of each purine body
in the wort after mashing was quantitatively analyzed by high performance liquid chromatography under the following
conditions. The analysis results are shown in Fig. 24. Even when mashing was carried out at a pH of 4.5 to 5.5, this
nucleosidase had a free purine base ratio of 90% or more, and it can be seen that the purine nucleosides sufficiently
decrease and the purine bases increase. (Fig. 24)

<HPLC conditions>

[0111] Column: Asahipak GS-220 HQ
Mobile phase: 150 mM sodium phosphate buffer (pH 2.5)
Temperature: 35°C
Flow rate: 0.5 mL/min
Detection: 260 nm

8. Conclusion

[0112] The nucleosidase derived from the Penicillium multicolor IFO 7569 strain showed an optimum temperature and
thermal stability suitable for use in the beer preparation process. It was also found that the nucleosidase is excellent in
pH stability and thermal stability, and can be applied not only to the production of beer or beer-based beverages but
also to various uses. In this way, the inventors have succeeded in obtaining a novel nucleosidase extremely useful for
reducing purine bodies in beverages and foods.

[Industrial Applicability]

[0113] The nucleosidase of the present invention exhibits a characteristic feature of showing activity even in the
presence of purine bodies of degradation products. The present invention can be used for producing low-purine foods
or beverages such as low-purine beer and the like.
[0114] The present invention is not limited to the description of the embodiments and examples of the present invention
at all. Various modifications that can be easily achieved by those skilled in the art without departing from the claims also
fall within the scope of the invention. The contents of the articles, the patent laid-open publications, patent publications,
and the like specified herein shall be cited by incorporation in their entity.
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Claims

1. A nucleosidase comprising an amino acid sequence of SEQ ID NO: 1 or an amino acid sequence having 85% or
more identity with the amino acid sequence, or an amino acid sequence of SEQ ID NO: 2 or an amino acid sequence
having 88% or more identity with the amino acid sequence.

2. The nucleosidase according to claim 1, wherein the amino acid sequence is an amino acid sequence having 90%
or more identity with the amino acid sequence of SEQ ID NO: 1 or the amino acid sequence of SEQ ID NO: 2.

3. A nucleosidase having the following enzymological properties:

(1) action: catalyzing a reaction of hydrolyzing purine nucleosides into D-ribose and purine bases and showing
activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine, and xanthine;
(2) molecular weight: about 49 kDa (by SDS-PAGE) when the nucleosidase does not contain N-linked oligosac-
charides;
(3) optimum temperature: 55°C to 60°C; and
(4) thermal stability: stable at 55°C or lower (pH 6.0, for 30 minutes).

4. The nucleosidase according to claim 3, further having the following enzymological properties:

(5) optimum pH: 3.5; and
(6) pH stability: stable in the range of pH 3.5 to 7.5 (30°C, for 30 minutes).



EP 3 502 249 A1

30

5

10

15

20

25

30

35

40

45

50

55

5. A nucleosidase having the following enzymological properties:

(1) action: catalyzing a reaction of hydrolyzing purine nucleosides into D-ribose and purine bases and showing
activity even in the presence of adenosine, adenine, inosine, hypoxanthine, guanosine, guanine, and xanthine;
(2) molecular weight: about 40 kDa (by SDS-PAGE) when the nucleosidase does not contain N-linked oligosac-
charides;
(3) optimum temperature: 50°C to 55°C; and
(4) thermal stability: stable at 65°C or lower (pH 4.5, for 60 minutes).

6. The nucleosidase according to claim 5, further having the following enzymological properties:

(5) optimum pH: 4.5; and
(6) pH stability: stable in the range of pH 3.5 to 7.5 (30°C, for 30 minutes).

7. The nucleosidase according to any one of claims 1 to 6, which is derived from Penicillium multicolor.

8. The nucleosidase according to claim 7, wherein the Penicillium multicolor is an IFO 7569 strain or a mutant strain
thereof.

9. A nucleosidase preparation comprising the nucleosidase according to any one of claims 1 to 8 or a culture solution
of a producer microorganism for the nucleosidase according to any one of claims 1 to 8 or a purified product thereof.

10. A nucleosidase gene comprising any DNA selected from the group consisting of the following (a) to (c):

(a) a DNA encoding an amino acid sequence of SEQ ID NO: 1 or 2;
(b) a DNA consisting of a base sequence of any of SEQ ID NOs: 3 to 6; and
(c) a DNA having a base sequence equivalent to the base sequence of any of SEQ ID NOs: 3 to 6 and encoding
a protein having nucleosidase activity.

11. A recombinant DNA comprising the nucleosidase gene according to claim 10.

12. A microorganism possessing the recombinant DNA according to claim 11.

13. A method for producing a nucleosidase, comprising the following steps (1) and (2):

(1) culturing a producer microorganism for the nucleosidase according to any one of claims 1 to 8; and
(2) collecting the nucleosidase from the culture solution and/or the cell bodies after culture.

14. The production method according to claim 13, wherein the microorganism is a Penicillium multicolor IFO 7569 strain
or a mutant strain thereof.

15. A method for producing a nucleosidase, comprising the following steps (i) and (ii):

(i) culturing the microorganism according to claim 12 under conditions where a protein to be encoded by the
gene is produced; and
(ii) collecting the produced protein.

16. A method for producing a nucleosidase preparation, comprising the following steps (I) and (II):

(I) culturing a producer microorganism for the nucleosidase according to any one of claims 1 to 8; and
(II) removing the cell bodies after culture.

17. The production method according to claim 16, further comprising the following step of
(III) purifying the culture solution after removing the cell bodies.

18. The production method according to claim 16 or 17, wherein the microorganism is a Penicillium multicolor IFO 7569
strain or a mutant strain thereof.
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